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 Abstract 
Objectives: To determine the efficacy of montelukast in comparison with cabergoline in the prevention of ovarian 
hyperstimulation syndrome (OHSS) in rats.
Material and methods: An experimental OHSS model was formed in 35 female Wistar rats. Rats (22 days old) 
were randomized into 5 groups, each containing 7 animals. The control group received no therapy; the mild OHSS 
group was administered pregnant mare serum gonadotropin (PMSG) 10 IU for 4 days, hCG 10 IU on the 5th day; 
the severe OHSS group received PMSG 10 IU for 4 days, hCG 30 IU on the 5th day. The montelukast group: 
received montelukast 10 mg/kg/day and the cabergoline group was administered cabergoline 100µg/kg/day via 
oral gavage for 6 days (days 22–27), in addition to those of severe OHSS. All groups were sacrificed on 28th 
day. Body weight, ovarian diameter and weight, vascular permeability, vascular endothelial growth factor (VEGF), 
semiquantitative VEGF receptor-1, and VEGF receptor-2 (VEGFR-2) immunohistochemistry were evaluated.
Results: Ovarian diameter and VEGF expression were significantly lower in the montelukast and cabergoline 
groups than in the severe OHSS group. While montelukast was more effective in limiting vascular permeability in 
the severe OHSS, cabergoline was superior to montelukast with respect to the limiting effect on increased body 
weight and VEGFR-2 expression.
Conclusions: The VEGF/VEGFR-2 interaction plays an important role in OHSS pathogenesis. Montelukast limits 
VEGF expression, and cabergoline reduces both VEGF and VEGFR-2 expressions; they are both effective therapies 
for the prevention of severe OHSS.
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Introduction
2YDULDQ K\SHUVWLPXODWLRQ V\QGURPH 2+66 LV DQ
LDWURJHQLF FRPSOLFDWLRQ RI DVVLVWHG IHUWLOL]DWLRQ WHFKQLTXHV ,W
LVFKDUDFWHUL]HGE\F\VWLFHQODUJHPHQWRIWKHRYDULHVLQFUHDVHG
YDVFXODU SHUPHDELOLW\ D ÀXLG VKLIW IURP LQWUDYDVFXODU WR
H[WUDYDVFXODU VSDFH DQG RYDULDQ QHRDQJLRJHQHVLV ,QFUHDVHG
YDVFXODUSHUPHDELOLW\FDXVHVDVFLWHVDQGSOHXUDODQGSHULFDUGLDO
HIIXVLRQ DQG UHVXOWV LQ KHPRFRQFHQWUDWLRQ UHGXFHG RUJDQ
SHUIXVLRQ DQG WKURPERHPEROLF HYHQWV 6HYHUH 2+66 ZKLFK
PD\DWWLPHVEHOLIHWKUHDWHQLQJLVVHHQLQ±RIVWLPXODWHG
F\FOHV 2+66 RFFXUV LQ FRQMXQFWLRQ ZLWK KXPDQ FKRULRQLF
JRQDGRWURSLQ K&* DSSOLFDWLRQV ,W LV UDUHZLWKRXW DQWHFHGHQW
K&*DGPLQLVWUDWLRQ>@
2+66 KDV QR VSHFL¿F WKHUDS\ ,WV SK\VLRSDWKRORJ\ LV QRW
HQWLUHO\ FOHDU EXW LW KDV EHHQ UHSRUWHG WKDW LQFUHDVHG YDVFXODU
SHUPHDELOLW\ DQG YDVFXODULW\ LQ WKH UHJLRQ VXUURXQGLQJ RYDULHV
SOD\ D UROH >@7KH FULWLFDO VWHS LV WKH VWLPXODWLRQ RI YDVFXODU
HQGRWKHOLDO JURZWK IDFWRU 9(*) P51$ H[SUHVVLRQ LQ
OXWHLQL]HG JUDQXORVD FHOOV E\ K&* DGPLQLVWUDWLRQ >@ 9(*)
H[HUWV LWV DQJLRJHQLF DFWLRQ YLD WZR W\URVLQH NLQDVH UHFHSWRUV
QDPHO\ 9(*) UHFHSWRU 9(*)5 RU )PVOLNH W\URVLQH
NLQDVH)OW DQG9(*) UHFHSWRU 9(*)5 RU IHWDO OLYHU
NLQDVHNLQDVHLQVHUWGRPDLQUHFHSWRU)ON.'5>@9(*)
VWLPXODWHV QHRDQJLRJHQHVLV LQ WKH RYDULHV DV ZHOO DV YDVFXODU
SHUPHDELOLW\YLD9(*)5VWLPXOXV>@
&DEHUJROLQHLVDGRSDPLQHUHFHSWRU'SUDJRQLVW,QORZ
GRVHVLWSDUWLDOO\LQKLELWVRYDULDQ9(*)5SKRVSKRU\ODWLRQDQG
UHGXFHV 9(*)5 GHSHQGHQW YDVFXODU SHUPHDELOLW\ LQFUHDVHV
ZLWKRXW DIIHFWLQJ OXWHDO DQJLRJHQHVLV ,W DSSHDUV SRVVLEOH WR
UHGXFHWKHULVNRI2+66ZLWKSURSK\ODFWLFFDEHUJROLQHXVH>@
&XUUHQWO\LWLVDFFHSWHGWKDWLWGRHVQRWDIIHFWRRF\WHPDWXUDWLRQ
UDWHVRIIHUWLOL]DWLRQDQGFOLQLFDORXWFRPHV>@
0RQWHOXNDVW LV D UHFHSWRU DQWDJRQLVW RI F\VWHLQ\O
OHXNRWULHQHV F\V/7V &\V/7V LQGXFH YDVFXODU SHUPHDELOLW\
LQFUHDVHV FDXVLQJ SODVPD H[XGDWLRQ ,W LV NQRZQ WKDW WKHLU
UHFHSWRUDQWDJRQLVWVUHGXFH9(*)H[SUHVVLRQ+HQFHLWKDVEHHQ
SURYHQWKDWPRQWHOXNDVWPD\SUHYHQWLQÀDPPDWLRQFKDUDFWHUL]HG
E\ LQFUHDVHG YDVFXODU SHUPHDELOLW\ DQG SODVPD H[XGDWLRQ LQ
DVWKPDWLFDLUZD\V>@
7KHUHIRUH ZH ZRQGHUHG ZKHWKHU PRQWHOXNDVW DQ DJHQW
WKDW UHGXFHV9(*) H[SUHVVLRQ PD\ EH DQ DOWHUQDWLYH WKHUDS\
LQSUHYHQWLQJVHYHUH2+66$VIDUDVZHNQHZQRVWXGLHVKDYH
EHHQ GRQH H[DPLQLQJ WKH HI¿FDF\ RI PRQWHOXNDVW LQ 2+66
SURSK\OD[LV7KHDLPRIRXUVWXG\ZDV WRH[DPLQHWKHHI¿FDF\
RI PRQWHOXNDVW LQ SUHYHQWLQJ 2+66 DV HYLGHQFHG E\ WKH
FKDQJHVRFFXUULQJ LQYDVFXODUSHUPHDELOLW\SK\VLFDOSURSHUWLHV
RI WKHRYDULHV DQG9*()DQG LWV UHFHSWRUVZKLFKKDYH D NH\
UROHLQWKHSK\VLRSDWKRORJ\RI2+667RYDOLGDWHWKHHI¿FLHQF\
RI PRQWHOXNDVW LQ D PRUH UREXVW ZD\ ZH FRPSDUHG LW ZLWK
FDEHUJROLQHDQDJHQWWKDWLVZLGHO\UHFRJQL]HGDVDQHVWDEOLVKHG
WKHUDS\LQ2+66
Materials and methods
7KLV VWXG\ ZDV SHUIRUPHG LQ 'RNX] (\OXO 8QLYHUVLW\
0HGLFDO )DFXOW\ ([SHULPHQWDO $QLPDOV 5HVHDUFK &HQWHU LQ
0DUFK  ,W ZDV DSSURYHG E\ WKH /RFDO (WKLFV &RPPLWWHH
IRU$QLPDO5HVHDUFKDQGLWFRPSOLHGZLWKWKHVWDQGDUGVIRUWKH
FDUHDQGXVHRIODERUDWRU\DQLPDOVSXEOLVKHGE\WKH8QLWHG6WDWHV
1DWLRQDO+HDOWK,QVWLWXWHV
Study design
7KH VWXG\ ZDV FRQGXFWHG RQ D WRWDO RI  IHPDOH:LVWDU
UDWVRIGD\VRIDJHXQGHUODERUDWRU\FRQGLWLRQV7KHDQLPDOV
ZHUHH[SRVHGWRKRXUGDUNKRXUOLJKWF\FOHVOLJKWF\FOH
EHWZHHQ  IHG ZLWK VWDQGDUG IHHG DQG ZDWHU DG
OLELWXP$QLPDOV UHDFKLQJ  GD\V RI DJH ZHUH ZHLJKHG 7KH
DQLPDOVZHUHWKHQUDQGRPL]HGLQWRJURXSVHDFKFRQWDLQLQJ
DQLPDOV7KHFRQWUROJURXSUHFHLYHGQRWKHUDS\WKHPLOG2+66
 Streszczenie        
Cel: Ocena skuteczności montelukastu w porównaniu z kabergoliną w zapobieganiu zespołowi hiperstymulacji 
jajników (OHSS) u szczurów.
Materiał i  metoda: Model doświadczalny OHSS stanowiło 35szczurów rasy Wistar, płci żeńskiej. Szczury 
(22 dniowe) podzielono na 5 grup, każda zawierająca 7 zwierząt. Grupa kontrolna nie otrzymała żadnej terapii. 
Grupa z  łagodnym OHSS otrzymała gonadotropinę z surowicy ciężarnych klaczy (PMSG) w ilości 10IU przez 4 
dni, hCG 10IU w 5 dniu, grupa z ciężkim OHSS otrzymała PMSG 10IU przez 4 dni, hCG 30IU w 5 dniu. Grupa 
z montelukastem otrzymała montelukast w dawce 10mg/kg/dzień a grupa z kabergoliną otrzymała kabergolinę 
100µg/kg/dzień przez doustny zgłębnik przez 6 dni (dni 22-27). Wszystkie zwierzęta zabito w 28 dniu. Oceniono 
masę ciała, wymiar i wagę jajników, przepuszczalność naczyń, czynnik wzrostu śródbłonka naczyń (VEGF) oraz 
w immunohistochemii półilościowo receptor – 1 VEGF i receptor-2 VEGF.
Wyniki: Wymiar jajnika oraz ekspresja VEGF były istotnie niższe w grupach z monelukastem i  kabergoliną niż 
w grupie z ciężkim OHSS. Podczas gdy montelukast był bardziej skuteczny w ograniczaniu przepuszczalności 
śródbłonków w ciężkim OHSS, to kabergolina okazała się lepsza od montelukastu po uwzględnieniu ograniczającego 
efektu zwiększonej masy ciała i ekspresji VEGFR-2.
Wnioski: Wzajemne oddziaływanie VEGF/VEGFR-2 odgrywa istotną role w  patogenezie OHSS. Montelukast 
ogranicza ekspresję VEGF, a  kabergolina zmniejsza zarówno ekspresję VEGF jak i  VEGFR-2; obie terapie są 
skuteczne w zapobieganiu ciężkiemu OHSS.
 Słowa kluczowe: ]HVSyáKLSHUVW\PXODFMLMDMQLNyZ/ VEGF / VEGFR-2 / kabergolina / 
      / montelukast / 
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JURXS ZDV DGPLQLVWHUHG SUHJQDQW PDUH VHUXP JRQDGRWURSLQ
306*,8IRUGD\VDQGK&*,8RQ WKHWKGD\7KH
VHYHUH2+66JURXSUHFHLYHG306*,8IRUGD\VDQGK&*
,8RQWKHWKGD\7KHPRQWHOXNDVWJURXSUHFHLYHG306*
,8IRUGD\VK&*,8RQWKHWKGD\DQGPRQWHOXNDVWPJ
NJGD\IRUGD\V7KHFDEHUJROLQHJURXSUHFHLYHG306*,8
IRUGD\VK&*,8RQWKHWKGD\DQGFDEHUJROLQHJNJ
GD\IRUGD\V
7RIRUP2+66GD\ROGUDWVH[FHSWWKRVHLQWKHFRQWURO
JURXSZHUHDGPLQLVWHUHG306*)ROOLJRQ®,QWHUYHW6FKHULQJ
3ORXJK$QLPDO+HDOWK3XQH,QGLD,8GD\VXEFXWDQHRXVO\IRU
GD\V2QWKHWKGD\ZKHQWKHDQLPDOVZHUHGD\VROGK&*
&KRUXORQ®,QWHUYHW6FKHULQJ3ORXJK$QLPDO+HDOWK%R[PHHU
7KH1HWKHUODQGVZDVDGPLQLVWHUHGDWDGRVHRI,8IRU*URXS
DQG,8IRUHDFKRI*URXSVDQGWRVWLPXODWHRYXODWLRQ
*URXS  ZDV DGPLQLVWHUHG PRQWHOXNDVW VRGLXP 6LQJXODLU® 
PJ RUDO JUDQXOH 0HUN 6KDUS 	'RKPH øVWDQEXO 7XUNH\ 
PJNJGD\YLDRUDOJDYDJH IRUGRVHVKRXUVDSDUWEHWZHHQ
GD\VDQG0RQWHOXNDVWZDVGLOXWHGZLWKGLVWLOOHGZDWHUWR
UHDFKDFRQFHQWUDWLRQRIJPODQGKRPRJHQL]HGZLWK$XWR
9RUWH[0L[HU6$6WXDUW6FLHQWL¿F8.WRSUHYHQWVWLFNLQJRQWR
LQMHFWRU¶V LQQHUZDOO0RQWHOXNDVWZDV DSSOLHGYLDRUDO JDYDJH
ZLWKLQ  PLQXWHV RI GLOXWLRQ *URXS  UHFHLYHG FDEHUJROLQH
'RVWLQH[ 3KDUPDFLD	8SMRKQ6S$ ,WDO\ JNJGD\ YLD
RUDO JDYDJH IRU  GRVHV  KRXUV DSDUW EHWZHHQ GD\V  DQG
&DEHUJROLQHZKLFKZDVVXSSOLHGDVWDEOHWVZDVFUXVKHGWR
EHFRPHSXOYHUL]HGDQGGLOXWHGLQGLVWLOOHGZDWHUWRUHDFKD¿QDO
FRQFHQWUDWLRQRIJPO
7KHDQLPDOVZHUHUHZHLJKHGKRXUVDIWHUK&*LQMHFWLRQ
$OOUDWVZHUHDQHVWKHVL]HGZLWKPJNJRINHWDPLQ.HWDODU®
(F]DFLEDVL:HUQHU /DPEHUW øVWDQEXO7XUNH\ DQG PJNJ RI
[\OD]LQH .VLOD]RO® PJPO3URYHW øVWDQEXO7XUNH\JLYHQ
YLD LQWUDSHULWRQHDO URXWH7KHQ WRDVVHVVYDVFXODUSHUPHDELOLW\
P0 RI (YDQV %OXH (% GLOXWHG LQ PO RI GLVWLOOHGZDWHU
ZDV DGPLQLVWHUHG ZLWK DQ LQVXOLQ LQMHFWRU LQWUDYHQRXVO\ YLD
WKH MXJXODUYHLQH[SRVHGE\QHFNGLVVHFWLRQ$IWHUDPLQXWH
ZDLWLQJSHULRGWKHSHULWRQHDOFDYLW\ZDV¿OOHGZLWKPORI
1D&O VROXWLRQ & DPLOG DEGRPLQDOPDVVDJHZDV DSSOLHG
IRUVHFRQGVDQGSHULWRQHDO ODYDJHÀXLGZDVUHGUDZQJHQWO\
ZLWKDYDVFXODUFDWKHWHULQDZD\WRDYRLGGDPDJLQJWLVVXHVDQG
EORRG YHVVHOV 3HULWRQHDO ÀXLG ZDV SXW LQWR WXEHV FRQWDLQLQJ
PORI11D2+5HVSLUDWRU\VWDWXVDQGPD[LPDOFDUGLDF
LPSXOVHZHUHPRQLWRUHGWKURXJKRXWWKHSURFHGXUH7KHDQLPDOV
ZHUH SURWHFWHG DJDLQVW K\SRWKHUPLD E\ FRQGXFWLQJ WKH VWXG\
SURFHGXUHDWURRPWHPSHUDWXUH±&7KHODVWVWDJHZDVWKH
VDFUL¿FHRIWKHDQLPDOVDQGWKHUHPRYDORIELODWHUDORYDULHV7KH
RYDULHVZHUHZHLJKHGRQDSUHFLVLRQVFDOH7KHRUJDQV
ZHUH WKHQ ¿[HG ZLWK VXLWDEOH ¿[DWLYHV IRU KLVWRFKHPLFDO DQG
LPPXQRKLVWRFKHPLFDOSURFHGXUHV
Histopathological evaluation
5HPRYHG RYDULHV ZHUH ¿[HG E\ RYHUQLJKW LPPHUVLRQ LQ
IRUPDOGHK\GHDQGULQVHGLQUXQQLQJWDSZDWHURYHUQLJKW
'HK\GUDWLRQZDV GRQH LQ JUDGHG   DQG  DOFRKRO
VHULHV IRU  PLQXWHV HDFK $IWHUZDUGV WKH\ ZHUH HPEHGGHG
LQSDUDI¿QDQGVHFWLRQHGYLDPLFURWRPH6HFWLRQVZHUHVWDLQHG
ZLWK VWDQGDUG SURWRFROV RI+HPDWR[\OHQH DQG(RVLQ +( DQG
LPPXQRKLVWRFKHPLVWU\
)RU KLVWRFKHPLFDO DQDO\VHV PWKLFN VHFWLRQVZHUH XVHG
IRU WKH +( WKH VOLGHV ZHUH GHSDUDI¿QL]HG ZLWK [\OHQH IRU 
KRXU7KH\ZHUHWKHQUHK\GUDWHGZLWKGHVFHQGLQJDOFRKROVHULHV
IRUPLQXWHVHDFKDQGVWDLQHGZLWKKHPDWR[\OLQIRUPLQXWHV
( 6XUJLSDWK %UHWWRQ 3HWHU %RURXJK &DPEULGJHVKLUH
$IWHUZDVKLQJZLWK UXQQLQJ WDSZDWHU WKH\ZHUH LPPHUVHG LQ
DFLG DOFRKRO IRU D IHZ VHFRQGV 7KH VOLGHV ZHUH VWDLQHG ZLWK
HRVLQIRUPLQXWHV(6XUJLSDWK%UHWWRQ3HWHU%RURXJK
&DPEULGJHVKLUH DQG DIWHUZDVKLQJ WKHPZLWK WDSZDWHU WKH\
ZHUH PRXQWHG ZLWK HQWHOODQ 81  0HUFN 'DUPVWDGW
*HUPDQ\
)RU LPPXQRKLVWRFKHPLFDO DQDO\VHV PWKLFN VHFWLRQV
ZHUHGHSDUDI¿QL]DWHGZLWK[\OHQH IRUKRXU5HK\GUDWLRQZDV
GRQHLQVHTXHQWLDOGHVFHQGLQJDOFRKROVHULHVIRUPLQXWHVHDFK
$IWHU ZDVKLQJZLWK GLVWLOOHG ZDWHU IRU PLQXWHV WKH VHFWLRQV
ZHUHLPPHUVHGLQSKRVSKDWHEXIIHUHGVDOLQH3%6IRUPLQXWHV
DQG LQFXEDWHGZLWK  WU\SVLQ (.. %LRJHQH[ 6DQ
5DPRQ 86$ IRU  PLQXWHV 7KH SULPDU\ DQWLERGLHV9(*)
'DNR 9(*)5 5%3 1HRPDUNHUV )UHPRQW &$
DQG 9(*)5 5%3 1HRPDUNHUV )UHPRQW &$ LQ
GLOXWLRQZHUHWKHQDSSOLHGDW&RYHUQLJKW7KH\ZHUH
ZDVKHGZLWK3%6DQG WKHQWKHELRWLQ\ODWHG VHFRQGDU\ DQWLERG\
'$%0LOOLSRUHDQGVWUHSWDYLGLQHSHUR[LGDVHZHUHDSSOLHG
IRUPLQHDFKDQGZDVKHGZLWK3%6EHIRUHLQFXEDWLQJZLWKWKH
HQ]\PHFRQMXJDWHDQGGLDPLQREHQ]LGLQHWHWUDK\GURFKORULGH
'$% . '%6 &DOLIRUQLD 86$ 7KHQ VHFWLRQV ZHUH
FRXQWHUVWDLQHGZLWK0D\HU¶V KHPDWR[\OLQ :''.
DQGPRXQWHGZLWKPRXQWLQJPHGLXP
,PPXQRVWDLQLQJ IRU 9(*) 9(*)5 DQG 9(*)5
LQ WKH JUDQXORVD DQG YHVVHO HQGRWKHOLDO FHOOV ZDV HYDOXDWHG
VHPLTXDQWLWDWLYHO\ E\ +6&25( DQDO\VLV $OO VOLGHV ZHUH
H[DPLQHG XQGHU OLJKW PLFURVFRS\ 2O\PSXV %; 7RN\R
-DSDQ ,PPXQRVWDLQLQJ LQWHQVLW\ ZDV FDWHJRUL]HG LQWR WKH
IROORZLQJ VFRUHV  QR VWDLQLQJ  ZHDN EXW GHWHFWDEOH
VWDLQLQJ  PRGHUDWH VWDLQLQJ DQG  LQWHQVH VWDLQLQJ $Q
+6&25(YDOXHZDV GHULYHG IRU HDFK VSHFLPHQE\ FDOFXODWLQJ
WKHVXPRIWKHSHUFHQWDJHRIFHOOVIRUJUDQXORVDFHOOVDQGYDVFXODU
HQGRWKHOLDOFHOOV LQ WKHRYDU\ WKDWZDVVWDLQHGDWHDFKLQWHQVLW\
FDWHJRU\ PXOWLSOLHG E\ LWV UHVSHFWLYH VFRUH E\ PHDQV RI WKH
IRUPXOD+VFRUH 3L LZKHUH L LQWHQVLW\ RI VWDLQLQJZLWK
DYDOXHRIRUZHDNPRGHUDWHRUVWURQJUHVSHFWLYHO\DQG
3LLVWKHSHUFHQWDJHRIVWDLQHGHSLWKHOLDOFHOOVIRUHDFKLQWHQVLW\
YDU\LQJIURPWR)RUHDFKVOLGHWHQGLIIHUHQW¿HOGVZHUH
HYDOXDWHG PLFURVFRSLFDOO\ DW [ PDJQL¿FDWLRQ +6&25(
HYDOXDWLRQV ZHUH SHUIRUPHG LQGHSHQGHQWO\ E\ DW OHDVW WZR
LQYHVWLJDWRUVEOLQGHGWRWKHVRXUFHRI WKHVDPSOHVDVZHOODV WR
HDFKRWKHU¶VUHVXOWV7KHDYHUDJHVFRUHRIERWKZDVXWLOL]HG
7R GHWHUPLQH RYDULDQ GLDPHWHUV HDFK VDPSOH ZDV
PLFURVFRSLFDOO\ PHDVXUHG LQ PLOOLPHWHUV ZLWK WKH 2O\PSXV
LPDJHDQDO\VLVVRIWZDUH'3
Biochemical Evaluation
7KH SHULWRQHDO ÀXLGV ZHUH FHQWULIXJHG DW  ; J IRU 
PLQXWHV7KH(%FRQFHQWUDWLRQZDVHYDOXDWHGZLWKD6KLPDG]X
899LVLEOHVSHFWURSKRWRPHWHU7RN\R-DSDQDWQPWR
REWDLQDEVRUEDQFHOHYHOV9DVFXODUSHUPHDELOLW\ZDVVWDQGDUGL]HG
E\ FDOFXODWLQJ WKH OHYHO RI H[WUDYDVDWHG VWDLQ DV (%PLOOLPROH
P0SHUJUERG\ZHLJKW
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Statistical Analyses
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ WKH 5VWXGLR
VRIWZDUH YHUVLRQ  YLD5 ODQJXDJH7KH YDULDEOHVZHUH
LQYHVWLJDWHG XVLQJ YLVXDO KLVWRJUDPV SUREDELOLW\ SORWV DQG
DQDO\WLFDO PHWKRGV .ROPRJRURY6LPLUQRY6KDSLUR:LON WHVW
WRHYDOXDWH WKHGLVWULEXWLRQSDWWHUQ'DWDZHUHH[SUHVVHGDV WKH
PHDQDQGVWDQGDUGGHYLDWLRQ7KH0DQQ:KLWQH\8WHVWZDVXVHG
IRU QRQQRUPDO GLVWULEXWHG GDWD VHWV ,Q FDVH RI QRQSDUDPHWULF
FRQGLWLRQ WKH .UXVNDO:DOOLV + WHVW ZDV XVHG IRU FRPSDULVRQ
PRUHWKDQWZRJURXSV3YDOXHVRIOHVVWKDQZHUHDFFHSWHG
DVVLJQL¿FDQW
Results
%RG\ZHLJKW
7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHJURXSVZLWK
UHVSHFWWRERG\ZHLJKWRQWKHQGGD\ERG\ZHLJKWS 
%RG\ZHLJKWLQFUHDVHWKHGLIIHUHQFHEHWZHHQWKHWKGD\ERG\
ZHLJKW DQG WKH QG GD\ERG\ ZHLJKW ZDV VLJQL¿FDQWO\
ORZHULQWKHFDEHUJROLQHJURXSFRPSDUHGWRERWKVHYHUH2+66
DQG PRQWHOXNDVW JURXSV S  DQG S  UHVSHFWLYHO\
7DEOH
2YDULDQZHLJKWVDQGGLDPHWHUV
2YDULDQ ZHLJKWV DQG GLDPHWHUV ZHUH VLJQL¿FDQWO\ JUHDWHU
LQ WKH VHYHUH 2+66 JURXS WKDQWKH FRQWURO JURXS S 
DQG S  $OWKRXJK PRQWHOXNDVW DQG FDEHUJROLQH JURXSV
ZHUH DVVRFLDWHGZLWK ORZHURYDULDQZHLJKW WKDQ VHYHUH2+66
WKH GLIIHUHQFH ZDV VWDWLVWLFDOO\ QRQVLJQL¿FDQW S  DQG
S UHVSHFWLYHO\$VIRUWKHRYDULDQGLDPHWHUVPRQWHOXNDVW
DQGFDEHUJROLQHJURXSVKDGVLJQL¿FDQWO\ORZHURYDULDQGLDPHWHUV
FRPSDUHG WR WKH VHYHUH 2+66 JURXS S  DQG S 
UHVSHFWLYHO\7DEOH
Vascular permeability
:KLOH WKHUH ZDV QR VLJQL¿FDQW GLIIHUHQFH EHWZHHQ WKH
FRQWURODQGPLOG2+66JURXSVWKHGLIIHUHQFHEHWZHHQWKHPLOG
DQGVHYHUH2+66JURXSVZDVVLJQL¿FDQWS DQGS 
UHVSHFWLYHO\7KHYDVFXODUSHUPHDELOLW\ OHYHOZDV ORZHU LQ WKH
FDEHUJROLQHJURXSWKDQWKHVHYHUH2+66JURXSDOEHLWVWDWLVWLFDOO\
QRQVLJQL¿FDQW S  ,W ZDV VLJQL¿FDQWO\ ORZHU LQ WKH
PRQWHOXNDVWJURXSWKDQWKHVHYHUH2+66JURXSS 7KH
PRQWHOXNDVWJURXSKDGDORZHUDOEHLWVWDWLVWLFDOO\QRQVLJQL¿FDQW
YDVFXODU SHUPHDELOLW\ OHYHO FRPSDUHG WR WKH FDEHUJROLQH JURXS
S 7DEOH,)LJXUH
,PPXQRKLVWRFKHPLFDOHYDOXDWLRQRI9(*)DQGLWVUHFHSWRUV
9(*) VKRZHG D VLJQL¿FDQWO\ KLJKHU H[SUHVVLRQ LQ WKH
JUDQXORVD FHOOV RI RYDULDQ WLVVXHV REWDLQHG IURP VHYHUH2+66
WKDQ WKRVHREWDLQHGIURPWKHFRQWUROVDQGPLOG2+66VXEMHFWV
S DQGS UHVSHFWLYHO\0RQWHOXNDVWDQGFDEHUJROLQH
JURXSVVKRZHGDVLJQL¿FDQWO\ORZHU9(*)H[SUHVVLRQWKDQWKH
VHYHUH 2+66 JURXS S  DQG S  7DEOH  )LJXUH
9(*)5ZDVVLJQL¿FDQWO\ORZHULQWKHFRQWUROJURXSWKDQ
WKH PLOG 2+66 DQG VHYHUH 2+66 JURXSV ZKLOH 9(*)5
ZDV VLJQL¿FDQWO\ KLJKHU LQ WKH VDPH FRPSDULVRQ S DQG
S9(*)5DQG9(*)5H[SUHVVLRQVZHUHJUHDWHULQ
WKHPRQWHOXNDVWJURXSWKDQWKHVHYHUH2+66JURXSSDQG
S9(*)5H[SUHVVLRQZDVORZHULQWKHVHYHUH2+66
JURXSWKDQWKHFDEHUJROLQHJURXSZKHUHDV9(*)5H[SUHVVLRQ
ZDVVLJQL¿FDQWO\ORZHULQWKHFDEHUJROLQHJURXSWKDQWKHVHYHUH
 
Figure 1. Comparison of vascular permeability values between groups. Bars 
present mean±SD (standard deviation). ̅p <0.05 versus severe OHSS group.
 
Figure 2. Comparison of  HSCORE values of vascular endothelial growth factor 
(VEGF) in the granulosa cells between groups. Bars present mean±SD (standard 
deviation).  ̅p<0.05 versus severe  OHSS group.
 
Figure 3. Comparison of  HSCORE values of vascular endothelial growth factor 
receptors (VEGFR-1 and VEGFR-2) in the granulosa cells between groups. Bars 
present mean±SD (standard deviation).̅̅p<0.001 versus severe  OHSS group.
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2+66 JURXS S DQG S ([SUHVVLRQ RI ERWK
UHFHSWRUVZDVVLJQL¿FDQWO\ ORZHU LQ WKHFDEHUJROLQHJURXSWKDQ
WKHPRQWHOXNDVWJURXSSDQGS7DEOH,,)LJXUH
7KHVWDLQLQJVDPSOHVIRU9(*)DQGLWVUHFHSWRUVLQJUDQXORVD
FHOOVDUHVKRZQLQ)LJXUHV±
9(*) LPPXQRUHDFWLYLW\ LQ YDVFXODU HQGRWKHOLXPZDV WKH
VDPHLQDOOJURXSVDQGZDVZHDNO\SRVLWLYH9(*)5LP
PXQRUHDFWLYLW\VKRZHGVLPLODUVWDLQLQJIRUWKHFRQWURO
VHYHUH2+66 DQGPRQWHOXNDVW JURXSV7KH FDEHUJROLQH JURXS
VKRZHGKLJKHUVWDLQLQJWKDQWKHVHWKUHHJURXSVZKLOH
WKH PLOG 2+66 JURXS VKRZHG ORZHU VWDLQLQJ  WKDQ
WKHVHJURXSVSDQGS9(*)5VKRZHGVLPLODU
VWDLQLQJ LQ WKHFRQWURODQGFDEHUJROLQHJURXSV ZKLOH
LWGHPRQVWUDWHGDVWDLQLQJLQWKHVHYHUH2+66JURXS
DVWDLQLQJLQWKHPRQWHOXNDVWJURXSDQGDLQ
WKHPLOG2+66JURXS7KHGLIIHUHQFHVEHWZHHQDOOJURXSVZHUH
VLJQL¿FDQW S ZLWK WKH H[FHSWLRQ RI WKH GLIIHUHQFH EH
WZHHQWKHFRQWURODQGFDEHUJROLQHJURXSV
Discussion
,Q WKLV DQLPDOPRGHO RQ2+66ZKLFK KDV QHLWKHU D FOHDU
SDWKRSK\VLRORJLFDO EDVLV QRU D VSHFL¿F WKHUDS\ ZH IRXQG WKDW
PRQWHOXNDVWKDGDVLJQL¿FDQWOLPLWLQJHIIHFWRQ9(*)H[SUHVVLRQ
YDVFXODUSHUPHDELOLW\DQGLQFUHDVHGRYDULDQGLDPHWHULQVHYHUH
2+66+RZHYHULWODFNHGVLPLODUHI¿FDF\IRU9(*)UHFHSWRUV
,QRUGHUWRGHWHUPLQHWKHHI¿FDF\RIPRQWHOXNDVWZHFRPSDUHG
LW ZLWK FDEHUJROLQH ZKLFK LV FXUUHQWO\ D UHFRJQL]HG DJHQW LQ
2+66 SURSK\OD[LV DQG WUHDWPHQW :KLOH PRQWHOXNDVW ZDV
PRUHHIIHFWLYHLQOLPLWLQJYDVFXODUSHUPHDELOLW\LQVHYHUH2+66
FDEHUJROLQHZDVVXSHULRUWRPRQWHOXNDVWLQOLPLWLQJDQLQFUHDVHLQ
ERG\ZHLJKWDQG9(*)5H[SUHVVLRQ
2+66LVDQLDWURJHQLFFRPSOLFDWLRQWKDWW\SLFDOO\GHYHORSV
DIWHUDGPLQLVWHULQJK&*WRWULJJHUWKH¿QDOVWDJHRIRRF\WHPDWX
UDWLRQIROORZLQJWKHVWLPXODWLRQRIRYXODWLRQZLWKJRQDGRWURSLQV
,WXVXDOO\HPHUJHVDVDUHVXOWRIDQH[DJJHUDWHGRYDULDQUHVSRQVH
DQGLVFKDUDFWHUL]HGE\KLJKHVWURJHQOHYHOVDQGGLODWHGRYDULHV
>@5LVNIDFWRUVIRU2+66LQFOXGHSRO\F\VWLFRYDULHV\RXQJ
DJHORZERG\PDVVLQGH[DQGKLVWRU\RIDOOHUJLHV>@,QFUHDVHG
YDVFXODUSHUPHDELOLW\LQ2+66OHDGVWRFOLQLFDOSUREOHPVWKH
¿UVW LV DEGRPLQDOSDLQ DQGKHDYLQHVV DQG UHVSLUDWRU\GLI¿FXOW\
VHFRQGDU\ WR UHVWULFWHG GLDSKUDJPDWLFPRELOLW\ FDXVHG E\ÀXLG
DFFXPXODWLRQ LQ WKH DEGRPHQ DVZHOO DV RWKHU ERG\ VSDFHV DV
D UHVXOWRIH[WUDYDVDWLRQ>@ WKHVHFRQG LVKHPRFRQFHQWUDWLRQ
DQGUHVXOWDQWUHGXFHGRUJDQSHUIXVLRQ$VDFRQVHTXHQFHROLJX
ULDUHQDOIDLOXUHDQGDEQRUPDOOLYHUIXQFWLRQVPD\HQVXH+HPR
FRQFHQWUDWLRQFDXVHGE\H[FHVVLYHÀXLGH[WUDYDVDWLRQLQFUHDVHV
WKHULVNRIWKURPERHPEROLFHYHQWV,QH[WUHPHFDVHVWKLVGLVRUGHU
PD\FDXVHUHQDOIDLOXUHUHGXFHGSHUIXVLRQRIYLWDORUJDQVVXFKDV
EUDLQDQGKHDUWFRPDDQGHYHQGHDWK>@
7KHSDWKRSK\VLRORJ\RI2+66KDVQRWEHHQIXOO\HOXFLGDWHG
5HFHQWO\ LQFUHDVHG YDVFXODU SHUPHDELOLW\ VHFRQGDU\ WR WKH
K\SHUVHFUHWLRQRI9(*)DQDQJLRJHQLFPROHFXOHIURPRYDULHV
KDVEHHQ LPSOLFDWHGDV WKHPDLQFDXVH >@*RPH]HW DO >@
VKRZHGLQDQ2+66DQLPDOPRGHOWKDWRYXODWLRQLQGXFWLRQZLWK
JRQDGRWURSLQVLQFUHDVHG9(*)9(*)5P51$H[SUHVVLRQLQ
RYDULHVDQGYDVFXODUSHUPHDELOLW\SULRUWRK&*DGPLQLVWUDWLRQ
+&*LQMHFWLRQIXUWKHU LQFUHDVHV WKH OHYHOVRI WKHVHSDUDPHWHUV
7KH OLQHDU FRUUHODWLRQ EHWZHHQ LQFUHDVHG 9(*)9(*)5
P51$H[SUHVVLRQDQGYDVFXODUSHUPHDELOLW\EHJLQVKRXUVDIWHU
K&*LQMHFWLRQDQGSHDNVKRXUVODWHU9(*)P51$H[SUHVVLRQ
DOVRLQFUHDVHVLQOXWHLQL]HGJUDQXORVDFHOOVRIRRF\WHVSLFNHGXS
IURP SDWLHQWV ZKR ZHUH VWLPXODWHG ZLWK K&* DQG GHYHORSHG
2+66 >@ ,Q DGGLWLRQ WR9(*) H[SUHVVLRQ9(*) UHFHSWRUV
9(*)5 DUH DOVR SURGXFHG E\ KXPDQ OXWHLQL]HG JUDQXORVD
FHOOVXSRQK&*LQMHFWLRQ>@9(*)UHFHSWRUVDUHPDLQO\IRXQG
LQHQGRWKHOLXPDQGRYDULDQIROOLFOHVLQKXPDQV>@
Table I. Evaluated parameters in the groups (excluding histopathological evaluation).
@ A B C D A E
F B G H I
J K
E L M N O O
F B G H I
O P Q P D P M N O O
F B G H I
J
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K
B P
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A L X Y P
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V Z C [ \ F V I ] ^ _ ` a ] _ b ` c _ d a ] _ e ] f _ f a ] _ ^ ] ` _ e a f _ g ] ` _ ` a f _ d
W
A L X Y P
K
V Z C [ h F V I e ` _ c a g _ ^ e ] _ ` a d _ b e d _ c a d _ ` e i _ e a ] _ g e ] _ i a ` _ c
W
A L X Y P
K
V Z C j T
K
B F V I f ` _ g a ` _ ` f ] _ i a ` _ e f e _ i a ` _ ] ̅̅ ̅
M Q T D X Y P
K
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l
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K
E
K
C X
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Table II. HSCORE values of vascular endothelial growth factor (VEGF) and  receptors   (VEGFR-1 ve VEGFR-2) in the granulosa cells. 
@ A B C D A E
F B G H I
J K
E L M N O O
F B G H I
O P Q P D P M N O O
F B G H I
J
A B C P E R S T m C
F B G H I
@ T U P D V A E
K
B P
F B G H I
l
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l
p j   [ \ 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l
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Figure 4. Control group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).
 
Figure 5. CMild OHSS (ovarian hyperstimulation syndrome) group:  representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 
(C) (Original Magnification: 400x).
 
Figure 6. CoSevere OHSS (ovarian hyperstimulation syndrome) group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and 
VEGFR-1 (C) (Original Magnification: 400x).
 
Figure 7. Montelukast group:  representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).
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'LHGULFK HW DO >@ VXJJHVWHG WKDW WKH DGPLQLVWUDWLRQ RI
JRQDGRWURSLQUHOHDVLQJKRUPRQHDQDORJXHLQDQGURJHQ/+)6+
VXUJHV DQG WKH LQGXFWLRQ RI RRF\WHPDWXUDWLRQPD\ UHGXFH WKH
LQFLGHQFH RI 2+66 0DQDX HW DO >@ VLPLODUO\ VKRZHG WKDW
VXEVWLWXWLQJ VKRUWHU KDOIOLIH UHFRPELQDQW OXWHLQL]HG KRUPRQH
IRU K&* LQ WKH LQGXFWLRQ RI RYXODWLRQ UHGXFHG WKH LQFLGHQFH
RI 2+66 *RPH] HW DO >@ LQ DQ 2+66 PRGHO LQ URGHQWV
VKRZHG WKDW LQMHFWLRQVRI68 =>GLPHWK\OS\UURO
\OPHWK\OLGHQ\O@LQGROLQRQH LQKLELWHG YDVFXODU SHUPHDELOLW\
LQFUHDVHVLQGXFHGE\K&*68LVDVPDOOV\QWKHWLFW\URVLQH
NLQDVHPROHFXOHWKDWLQKLELWV9(*)5SKRVSKRU\ODWLRQZLWKRXW
DIIHFWLQJWKHUHFHSWRU¶VVXUIDFHH[SUHVVLRQDQG9(*)DI¿QLW\7KH
DELOLW\RIWKHLQWHUYHQLQJ9(*)9(*)5VLJQDOLQJSDWKZD\WR
SUHYHQW JRQDGRWURSLQLQGXFHG YDVFXODU SHUPHDELOLW\ LQFUHDVHV
HVWDEOLVKHG IRU WKH ¿UVW WLPH WKH UHODWLRQVKLS EHWZHHQ9(*)
H[SUHVVLRQDQGFDSLOODU\SHUPHDELOLW\LQYLYR+RZHYHUWKHVLGH
HIIHFWSUR¿OHRI68SUHYHQWVLWVXVHLQFOLQLFDOSUDFWLFH>@
,WDOVRDGYHUVHO\DIIHFWVLPSODQWDWLRQE\EORFNLQJDQJLRJHQHVLV
WKXVOHDGLQJWRWKHLQDFWLYDWLRQRIFRUSXVOXWHXP>@
$QRWKHU DSSURDFK WR 9(*) OLJDQGUHFHSWRU FRPSOH[
EORFNDJHLVWKHGRSDPLQH'SUSDWKZD\7KHGRSDPLQHDJRQLVW
FDEHUJROLQHLQORZGRVHVGHFUHDVHV9(*)5GHSHQGHQWYDVFXODU
SHUPHDELOLW\ZLWKRXWSUHYHQWLQJOXWHDODQJLRJHQHVLVDQGH[HUWLQJ
D OXWHRO\WLF HIIHFW ZLWKRXW DIIHFWLQJ VHUXP SURJHVWHURQ OHYHOV
DQGOXWHDODSRSWRVLV>@*RPH]HWDO>@VKRZHGWKDWDORZGRVH
RI JNJ FDEHUJROLQH UHGXFHV9(*)5SKRVSKRU\ODWLRQ
E\FRPSDUHGWRDFRQWUROJURXS,QKLJKHUGRVHVLWGHFUHDVHV
WKH GHQVLW\ RI9(*)5 RQ WKH HQGRWKHOLDO FHOOPHPEUDQH E\
FDXVLQJLWVLQWHUQDOL]DWLRQ7KHDFFHVVWRUHFHSWRUVLVSUHYHQWHG
LQKLELWLQJ WKH 9(*)9(*)5 SDWKZD\ +RZHYHU WKDW HIIHFW
DFKLHYHGDWKLJKHUGRVHVLVQRWOLPLWHGWRDGHFUHDVHLQYDVFXODU
SHUPHDELOLW\EXWDQJLRJHQHVLVLVDOVREORFNHG>@
/HXNRWULHQHV/7VDUHOLSLGPHGLDWRUVWKDWDUHSURGXFHGIURP
DUDFKLGRQLFDFLGYLDOLSR[\JHQDVHDFWLYDWLRQ7KH\DUHNQRZQ
WRSOD\DQLPSRUWDQWUROHLQWKHSDWKRJHQHVLVRIDOOHUJLFUHDFWLRQV
>@7KH\DUHSURLQÀDPPDWRU\VXEVWDQFHVUHIHUUHGWRDV/7&
/7'/7(DQGF\V/7V7KHF\V/7VFDXVHSODVPDH[WUDYDVDWLRQ
E\LQFUHDVLQJYDVFXODUSHUPHDELOLW\>@0RQWHOXNDVWDVSHFL¿F
DQWDJRQLVW RI /7V EORFNV WKH ELQGLQJ RI F\V/7V WR &\V/7
UHFHSWRU>@0RQWHOXNDVWLVFXUUHQWO\XVHGIRUWKHWUHDWPHQWRI
DVWKPDDQGDOOHUJLHV5HJXODUGDLO\ORQJWHUPRUDOXVHLVHDVLO\
WROHUDWHGDQGQRFOLQLFDOO\LPSRUWDQWVLGHHIIHFWKDVEHHQUHSRUWHG
>@ ,Q DVWKPD LW UHGXFHV 9(*) H[SUHVVLRQ DQG UHJXODWHV
YDVFXODUSHUPHDELOLW\ >@0RQWHOXNDVWDWDGRVHRIPJNJ
GD\YLDRUDOJDYDJHKDVEHHQVKRZQWRUHGXFH9(*)OHYHOVLQ
UDWV>@2QHDGGLWLRQDOUHDVRQIRUVWXG\LQJPRQWHOXNDVWLQ
VHYHUH2+66ZDVWKDWDOOHUJLFHYHQWVFUHDWLQJVXVFHSWLELOLW\IRU
2+66DUH WUHDWHGZLWKPRQWHOXNDVW >@:HGHPRQVWUDWHG
WKDW PRQWHOXNDVW VLJQL¿FDQWO\ UHGXFHG 9(*) H[SUHVVLRQ LQ
VHYHUH 2+66 DQG DGGLWLRQDOO\ OLPLWHG YDVFXODU SHUPHDELOLW\
PHGLDWHGE\9(*)H[SUHVVLRQ7KHOLPLWLQJHIIHFWRQ9(*)5
H[SUHVVLRQRQWKHRWKHUKDQGZDVOLPLWHGWRYDVFXODUHQGRWKHOLDO
FHOOV ,W PD\ EH VXJJHVWHG WKDW LW H[HUWHG LWV FOLQLFDO HI¿FDF\
RQ VHYHUH2+66 E\ UHGXFLQJ9(*)9(*)5 LQWHUDFWLRQ YLD
GHFUHDVLQJ9(*) H[SUHVVLRQ LQ JUDQXORVD FHOOV$V LV NQRZQ
WKH DQJLRJHQLF HIIHFW RI 9(*) LV PHGLDWHG E\ WZR W\URVLQH
NLQDVH UHFHSWRUV 9(*)5 VKRZV D VWURQJ W\URVLQH NLQDVH
DFWLYLW\ UHVSRQVH WR SURDQJLRJHQLF VLJQDOV DQG WKXV SRVLWLYHO\
DIIHFWVDQJLRJHQHVLV9(*)5RQWKHRWKHUKDQGIXQFWLRQVDV
DQHQGRJHQRXV9(*)LQKLELWRUGXULQJHDUO\HPEU\RJHQHVLVDQG
XQGHUFHUWDLQFRQGLWLRQVDQGSRVVHVVHVDW\URVLQHNLQDVHDFWLYLW\
WKDWLVDSSUR[LPDWHO\RQHWHQWKRIWKDWRI9(*)5>@7KLV
LQWXUQVXJJHVWVWKDWDVLJQL¿FDQWLQFUHDVHLQWKH9(*)5OHYHOV
PHGLDWHGE\PRQWHOXNDVWPD\FRQWULEXWHWRLWVOLPLWLQJHIIHFWRQ
YDVFXODUSHUPHDELOLW\
:H WRRN LQWR FRQVLGHUDWLRQ WKH VWXG\ E\ 6D\ODQ HW DO
>@ ZKLOH GHVLJQLQJ WKH 2+66 DQLPDO PRGHO ,Q DQLPDOV
YDU\LQJ K&* GRVHV SURGXFH GLIIHUHQW HIIHFWV RQ 9(*) DQG
YDVFXODU SHUPHDELOLW\GHVSLWH WKH VDPHGRVHVRI JRQDGRWURSLQV
>@ 7KHUHIRUH DOWKRXJK ZH DSSOLHG WKH VDPH GDLO\ GRVH RI
JRQDGRWURSLQZHDGPLQLVWHUK&*LQWZRVHSDUDWHGRVHVWRIRUP
WKH PLOG DQG VHYHUH 2+66 JURXSV :H VWDWLVWLFDOO\ UHYHDOHG
WKH GLIIHUHQFHV EHWZHHQ WKH FRQWURO PLOG 2+66 DQG VHYHUH
2+66JURXSVZLWKUHVSHFW WRYDVFXODUSHUPHDELOLW\DQG9(*)
H[SUHVVLRQ2YDULDQZHLJKWDQGGLDPHWHUVDVZHOODV9(*)5
H[SUHVVLRQZHUHVLJQL¿FDQWO\JUHDWHULQWKHVHYHUH2+66JURXS
WKDQ WKHFRQWUROJURXS9(*)5H[SUHVVLRQZKLFKPD\ OLPLW
DQJLRJHQHVLV DOVR H[KLELWHG VLJQL¿FDQW H[SUHVVLRQ GLIIHUHQFHV
EHWZHHQWKHFRQWUROPLOG2+66DQGVHYHUH2+66JURXSVZLWK
GHFUHDVLQJYDOXHVIURPWKHIRUPHUWRWKHODWWHU2QHLQWHUHVWLQJ
¿QGLQJZDVWKDWLQWKHPLOG2+66JURXSQRWRQO\WKH9(*)5
EXW DOVR 9(*)5 H[SUHVVLRQ ZDV JUHDWHU WKDQ WKH VHYHUH
2+66JURXS+RZHYHU9(*)ZKLFKLVUHTXLUHGIRUWKH9(*)
9(*)5LQWHUDFWLRQWRRFFXULQYDVFXODUSHUPHDELOLW\LQFUHDVHV
ZDV VLJQL¿FDQWO\ KLJKHU LQ WKH VHYHUH2+66 JURXS:KHQZH
DOVR FRQVLGHU WKH9(*) LQKLELWRU\ HIIHFW RI KLJKHU9(*)5
H[SUHVVLRQ LQ WKH PLOG 2+66 JURXS ZH FDQ PRUH FOHDUO\
XQGHUVWDQGWKHGLIIHUHQFHREVHUYHGLQYDVFXODUSHUPHDELOLW\>@
,QDQ2+66DQLPDOPRGHOVWXG\6D\ODQHWDO>@H[SORUHG
WKH FRPSDUDWLYH HI¿FDF\ RI PHOR[LFDP D F\FORR[\JHQDVH
HQ]\PH LQKLELWRU UHODWLYH WR FDEHUJROLQH LQ SUHYHQWLQJ2+66
7KH\ LQWURGXFHG PHOR[LFDP RQ 306* DQG K&* GD\V ZKLOH
 
Figure 8. Cabergoline group: representative ovarian sections showing the immunolocalizations of VEGF (A), VEGFR-2 (B) and VEGFR-1 (C) (Original Magnification: 400x).
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FDEHUJROLQHZDVJLYHQRQO\RQWKHK&*GD\7KH\UHSRUWHGWKDW
QHLWKHU GUXJ FRXOG OLPLW 9(*) H[SUHVVLRQ >@ 1HYHUWKHOHVV
RYXODWLRQ LQGXFWLRQ ZLWK JRQDGRWURSLQV VWLPXODWHV 9(*) DQG
9(*)U P51$ H[SUHVVLRQ DQG YDVFXODU SHUPHDELOLW\ EHIRUH
DGPLQLVWHULQJ K&* 7KLV HIIHFW SHDNV  KRXUV DIWHU K&*
LQMHFWLRQ>@:HEHOLHYHWKDWWKHLU¿QGLQJWKDWFDEHUJROLQHZDV
QRWHIIHFWLYHZDVUHODWHGWRFDEHUJROLQHEHLQJDGPLQLVWHUHGRQO\
RQ WKHK&*GD\7KXVZHDGPLQLVWHUHGFDEHUJROLQHRQ306*
DQGK&*GD\VDQGGD\DIWHUK&*DVZHGLGIRUPRQWHOXNDVW
6D\ODQHWDO>@FRXOGQRWGHPRQVWUDWHDQ\HIIHFWRIFDEHUJROLQH
RQ9(*)H[SUHVVLRQREVHUYDWLRQDOGDWDDQGRWKHUSDUDPHWHUV
,QRXUVWXG\RQWKHRWKHUKDQGZHGHPRQVWUDWHGWKDWFDEHUJROLQH
SURYLGHGDVLJQL¿FDQWUHGXFWLRQLQ9(*)LQJUDQXORVDFHOOVDQG
DGGLWLRQDOO\ LQ 9(*)5 H[SUHVVLRQ FRPSDUHG WR WKH VHYHUH
2+66JURXS)XUWKHUPRUHWKLVUHVXOWZDVQRWREVHUYDWLRQDOEXW
UDWKHUSURYHQE\VHPLTXDQWLWDWLYHGDWD
:H IRXQG PRQWHOXNDVW WR EH VXSHULRU WR FDEHUJROLQH
ZLWK UHVSHFW WR LWV HIIHFW RQ 9(*) H[SUHVVLRQ DQG YDVFXODU
SHUPHDELOLW\ DOWKRXJK WKHVH GLIIHUHQFHV ZHUH QRW VWDWLVWLFDOO\
VLJQL¿FDQW )XUWKHUPRUH 9(*)5 H[SUHVVLRQ ZKLFK KDV
EHHQVKRZQWRKDYHDSRVVLEOHQHJDWLYHHIIHFWRQDQJLRJHQHVLV
ZDV VLJQL¿FDQWO\ KLJKHU LQ WKHPRQWHOXNDVW JURXS ,Q DGGLWLRQ
FRPSDUHG WR WKH VHYHUH 2+66 JURXS PRQWHOXNDVW EXW QRW
FDEHUJROLQH VLJQL¿FDQWO\ GHFUHDVHG YDVFXODU SHUPHDELOLW\
+RZHYHUFDEHUJROLQHZDVVXSHULRUWRPRQWHOXNDVWZLWKUHJDUGWR
WKHOLPLWLQJHIIHFWRQLQFUHDVHGERG\ZHLJKW7KHUHPD\KDYHEHHQ
LQHTXDOLWLHVDPRQJWKHDQLPDOVLQWHUPVRILQFUHDVHGERG\ZHLJKW
DQG WKH OHYHO WRZKLFK WKH\ZHUHDIIHFWHGE\VWUHVV7KHUHIRUH
LW LV GLI¿FXOW WR GUDZ VROLG FRQFOXVLRQV DERXW SDUDPHWHUV OLNH
ZHLJKW LQFUHDVHV LQ DQLPDO H[SHULPHQWVZLWK D OLPLWHGQXPEHU
RIVXEMHFWV0RUHUREXVWFRQFOXVLRQVFDQEHUHDFKHGZLWKVWXGLHV
XVLQJDODUJHUVDPSOHVL]H
Conclusion
,Q2+66SDWKRSK\VLRORJ\WKH9(*)9(*)5LQWHUDFWLRQ
SOD\V DQ DFWLYH UROH 0RQWHOXNDVW OLPLWV 9(*) H[SUHVVLRQ
LQ RYDULDQ WLVVXH DQG WKXV VLJQL¿FDQWO\ UHGXFHV YDVFXODU
SHUPHDELOLW\ LQFUHDVHV LQ VHYHUH 2+66 8QOLNH PRQWHOXNDVW
FDEHUJROLQH OLPLWV 9(*)5 H[SUHVVLRQ LQ DGGLWLRQ WR 9(*)
H[SUHVVLRQ0RQWHOXNDVWDQGFDEHUJROLQHDUHHIIHFWLYHWKHUDSLHV
IRUWKHSUHYHQWLRQRI2+667KHUHVXOWVRIWKLVVWXG\VKRXOGEH
FRQ¿UPHGE\RWKHUVWXGLHV
Authors’ contribution:
1. Fatma Eskicioğlu – conception and design study, acquisition 
of data,analysis and interpretation of data, article draft, writting 
draft,corresponding author.
2. Gülüzar A. Turan – conception and design study, acquisition of data, 
analysis and interpretation of data, revised article critically.
3. Oya N. Sivrikoz – acquisition of data, analysis and interpretation of data, 
revised article critically.
4. Hakan Cengiz – acquisition of data, analysis and interpretation of data, 
revised article critically.
5. Zafer Akan – analysis and interpretation of data, revised article critically.
6. Nur Şahin – analysis and interpretation of data, revised article critically.
7. Osman Yılmaz – acquisition of data.
8. Hayrunnisa Yeşil – acquisition of data.
9. Seda Vatansever – acquisition of data.
Authors’ statement
³
 >RS]
 S]
 ^Y
 MO\^SPc
 ^RK^
 ^RO
 Z_LVSMK^SYX
 aSVV
 XY^
 `SYVK^O
 ^RO
 MYZc\SQR^]

of a  third party, as understood according to the Act in the matter of 
copyright and related rights of 14 February 1994, Official Journal 2006, 
No. 90, Clause 63, with respect to the text, data, tables and illustrations 
(graphs, figures, photographs); 
³
 ^RO\O
S]
XY
mMYX»SM^
YP
SX^O\O]^]p
aRSMR
YMM_\]
aROX
^ RO
K_^RY\
\OWKSX]
SX

a financial or personal relationship which unjustly affects his/her actions 
associated with the publication of the manuscript;
³
 KXc
 ZY]]SLVO
 \OVK^SYX]RSZ]
 YP
 ^RO
 K_^RY\]
 aS^R
 ^RO
 ZK\^cZK\^SO]

interested in the publication of the manuscript are revealed in the text of 
the article;
³
 ^RO
 WKX_]M\SZ^
 RK]
 XY^
 LOOX
 Z_LVS]RON
 SX
 Y\
 ]_LWS^^ON
 ^Y
 KXc
 Y^RO\

journal. 
³
 =Y_\MO
 YP
 ºXKXMSXQ$
 >RO
 =MSOX^SºM
 <O]OK\MR
 :\YTOM^]
 -YWWS]]SYX

of Celal Bayar University supported the project for this study, whose 
reference number is 2013-135.
References
  1. Abramov Y, Elchalal U, Schenker JG. Severe OHSS: An ‘epidemic’ of severe OHSS: A price we 
have to pay? Hum Reprod. 1999, 14, 2181–2183. 
  2. Schenker JG, Weinstein D. Ovarian hyperstimulation syndrome: a current survey. Fertil Steril. 
1978, 30, 255–268. 
  3. Morris RS, Paulson RJ. Ovarian derived prorenin-angiotensin cascade in human reproduction. 
Fertil Steril. 1994, 62, 1105–1114. 
  4. Gomez R, Gonzalez-Izquierdo M, Zimmermann RC, [et al.]. Low-dose dopamine agonist 
administration blocks vascular endothelial growth factor (VEGF)-mediated vascular 
hyperpermeability without altering VEGF receptor 2-dependent luteal angiogenesis in a  rat 
ovarian hyperstimulation model. Endocrinol. 2006, 147, 5400-5011.
  5. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its receptors. Nat Med. 2003, 9, 
669-676.
  6. Shibuya M. Vascular endothelial growth factor and its receptor system: physiological functions 
in angiogenesis and pathological roles in various diseases. J Biochem. 2013, 153, 13-19.
  7. Seow KM, Lin YH, Bai CH, [et al.]. Clinical outcome according to timing of cabergoline initiation 
for prevention of OHSS: a randomized controlledtrial. Reprod Biomed Online. 2013, 26, 562-
568. 
  8. Yang HS, Wang L, Yang W, [et al.]. Effects of leukotriene receptor antagonists on vascular 
endothelial growth factor and its receptors in a sensitized rat model. Zhonghua Jie He He Hu Xi 
Za Zhi. 2009, 32, 177-181.
  9. Lee KS, Kim SR, Park HS, [et al.]. Cysteinyl leukotriene receptor antagonist regulates vascular 
permeability by reducing vascular endothelial growth factor expression. J Allergy Clin Immunol. 
2004, 114, 1093-1099.
10. Golan A, Ron-El R, Herman A, [et al.]. Ovarian hyperstimulation syndrome: an update review. 
Obstet Gynecol Surv. 1989, 44, 430–440.
11. Delvigne A, Rozenberg S. Review of clinical course and treatment of ovarian hyperstimulation 
syndrome. Hum Reprod Update. 2003, 9,77–96.
12. Rizk B. Ovarian Hyperstimulation Syndrome—Epidemiology. Pathophysiology, Prevention and 
Management. 1st edn. New York: Cambridge University Press, 2006, 10–33. 
13. McClure N, Healy DL, Rogers PA, [et al.]. Vascular endothelial growth factor as capillary 
permeability agent in ovarian hyperstimulation syndrome. Lancet. 1994, 344, 235–236.
14. Gomez R, Simon C, Remohi J, Pellicer A. Administration of moderate and high doses of 
gonadotropins to female rats increases ovarian vascular endothelial growth factor (VEGF) and 
VEGF receptor-2 expression that is associated to vascular hyperpermeability. Biol Reprod. 
2003, 68, 2164–2171.
15. Yan Z, Weich HA, Bernart W, [et al.]. Vascular endothelial growth factor (VEGF) Messenger 
ribonucleic acid (mRNA) expression in luteinized human granulose cells in vitro. J Clin 
Endocrinol Metab. 1993, 77, 1723–1725.
16. Wang TH, Horng SG, Chang CL, [et al.]. Human chorionic gonadotropin-induced ovarian 
hyperstimulation syndrome is associated with upregulation of vascular endothelial growth factor. 
J Clin Endocrinol Metab. 2002, 87, 3300–3308.
17. Gomez R, Gonzalez M, Simon C, [et al.]. Tyroxine hydroxylase (TH) downregulation in 
hyperstimulated ovaries reveals the dopamine agonist bromocriptine (Br2) as an effective and 
specific method to block increased vascular permeability (VP) in OHSS. Fertil Steril. 2003, 80, 
43–44.
18. Diedrich K, Ludwig M, Felberbaum RE. The role of gonadotrophin-releasing hormone 
antagonists in in vitro fertilization. Sem Reprod Med. 2001, 19, 213–220.
19. Manau D, Fabregues F, Arroyo V, [et al.]. Hemodynamic changes induced by urinary human 
chorionic gonadotrophin and recombinant luteinizing hormone used for inducing final follicular 
maturation and luteinization. Fertil Steril. 2002, 78 1261–1267.
20. Gomez R, Simon C, Remohi J, Pellicer A. Vascular endothelial growth factor receptor-2 
activation induces vascular permeability in hyperstimulated rats, and this effect is prevented by 
receptor blockade. Endocrinol. 2002, 143, 4339–4348.
21. Glade-Bender J, Kandel JJ, Yamashiro DJ. VEGF blocking therapy in the treatment of cancer. 
Expert Opin Biol Ther. 2003, 3, 263–276.
22. Zimmermann RC, Hartman T, Bohlen P, [et al.]. Preovulatory treatment of mice with anti-VEGF 
receptor 2 antibody inhibits angiogenesis in corpora lutea. Microvasc Res. 2001, 62, 15–25.
23. Basu S, Nagy JA, Pal S, [et al.]. The neurotransmitter dopamine inhibits angiogenesis induced 
by vascular permeability factor/vascular endothelial growth factor. Nat Med. 2001, 7, 569–574.
24. Barnes PJ, Chung KF, Page CP. Inflammatory mediators of asthma: an update. Pharmacol Rev. 
1998, 50, 515-596.
25. Henderson WR Jr. The role of leukotrienes in asthma. Ann Allergy. 1994, 72, 272-278.
26. Holgate ST, Bradding P, Sampson AP. Leukotriene antagonists and synthesis inhibitors: new 
directions in asthma therapy. J Allergy Clin Immunol. 1996, 98, 1–13.
27. Knorr B, Franchi LM, Bisgaard H, [et al.]. Montelukast, a leukotriene receptor antagonist, for the 
treatment of persistent asthma in children aged 2 to 5years. Pediatrics. 2001, 108, 48.
28. El-Swefy S, Hassanen SI. Improvement of hepatic fibrosis by leukotriene inhibition in cholestatic 
rats. Ann Hepatol. 2009, 8, 41-49.
29. Canbay E, Agachan B, Ozturk T, [et al.]. Dual inhibition of wound healing and oxidative process 
by montelukast in experimental colon anastomoses. Surg Innov. 2010, 17, 248-255.
30. Saylan A, Arioz DT, Koken T, [et al.]. Prevention of ovarian hyperstimulation syndrome in a rat 
model: efficacy comparison between cabergoline and meloxicam. Acta Obstet Gynecol Scand. 
2010, 89, 692-699.
